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(54) ORGANIC CONDUCTIVE MATERIAL AND CONDUCTIVE VARNISH 

(57) Disclosed herein are an organic conductive material and a conductive varnish containing It in an amount of 1 
to 80 wt%. The organic conductive material comprises an ollgoanlline derivative represented by the formula (1 ) In which 
quinoimine as an oxidant formed at the time of synthesis is reduced by a reducing agent and a salt is formed with an 
electron accepting dopant. 
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(where to R3 independently denote a hydrogen atom, unsubstituted or substituted monovalent hydrocarbon group, 
organoxy group, or acyl group; A and B independently denote a divalent group represented by the formula (2) or (3) 
below; 
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where, to R'''' independently denote a hydrogen atom, hydroxyl group, unsubstituted or substituted monovalent 
hydrocarbon group, organoxy group, acyl group, orsulfonic group; and m and n independently denote a positive number 
equal to or larger than 1 such that m+n i 20.) 
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Description 

TECHNICAL FIELD 

[0001] The present Invention relates to an organic conductive material and a conductive varnish containing It. The 
organic conductive material is a sail of an ollgoanillne derivative (which is a jt-conjugated organic compound) with an 
acid and is highly soluble in water or organic solvents. The conductive varnish is a solution containing the organic 
conductive material dissolved or dispersed therein, which is capable of application by dip coating or spin coating. The 
conductive vamish containing the organic conductive material will be used to fonn organic conductive layers varying 
in thickness, such as a charge-Injection auxiliary layer for organic electroluminescence (EL for short hereinafter) ele- 
ments and an organic electrode on capacitor dielectrics or a capacitor electrode. 

BACKGROUND ART 

[0002] There has recently been proposed by Eastman Kodak a new organic EL element, particularly that of low 
molecular-weight type (OLED for short hereinafter), which realizes high luminance with a low driving voltage owing to 
its improved structure, with electrodes holding between them a charge transporting layer and an emitting layer formed 
by vapor deposition. (See Appl. Phys. Lett. 51 (1987) 913 and USP 4,356,429.) The ensuing active researches have 
led to the development of an element of three-layer type in which the emitting function is separated from the carrier 
transportation. Thus, the OLED element has entered the stage of practical use. (See Jpn. J. Appl. Phys. 27 (1988) 
L269, L713.) Moreover, a new EL element with a polymeric emitting material (PLED for short hereinafter) has been 
found in Cambridge College. (See Nature, 347 (1990), p. 539.) In addition, it has been found thatthe PLED has greatly 
improved characteristic properties if it is provided with a conductive organic material formed on the electrode, (See 
Appl. Phys. Lett. 64 (1994), p. 1245.) Now, such new PLED elements are comparable in characteristic properties to 
old OLED elements. 

[0003] Conductive polymers are also finding use in the technology relating to capacitors. For example, a thin film of 
conductive polymer formed by electrolytic polymerization is gradually replacing manganese oxide Interposed between 
the dielectric layer and the electrode for solution of problems with contact resistance. 

[0004] Conductive polymers to be applied to such electronic devices are required to have a high solubility in solvents 
so that they provide a smooth thin film and infiltrate Into minute gaps. 

[0005] The present applicant invented a charge transporting vamish prepared from a low-molecular weight oll- 
goanillne dissolved In an organic solvent and also found that this varnish gives rise to a hole Injection layer which 
greatly Improves the characteristic properties of EL elements. (See Japanese Patent Laid-open No. 2002-151272.) 
[0006] Unfortunately, the aniline derivative has the quinolmlne structure In its oxidized state, which remarkably Im- 
pairs Its solubility In solvents but contributes to Its conductivity. For example, polyanlline polymerized by chemical 
oxidation has a very low solubility owing to Its quinolmlne structure. One way to Increase solubility is to reduce the 
quinolmlne structure with hydrazine. However If asalt Is fomned by doping, the resulting product decreases In solubility. 
The problem with solubility remains unsolved. 

DISCLOSURE OF INVENTION 

[0007] It is an object of the present invention to provide an organic conductive material highly soluble in water and 
organic solvents and a conductive varnish containing it. It is another object of the present invention to provide an 
organic EL element made with the varnish. 

[0008] In order to achieve the above-mentioned object, the present inventors carried out an extensive research, 
which led to the finding that an aniline oligomer in reduced form has an extremely high solubility if it is doped with an 
acid. For example, if an oligoanlline derivative In reduced form is doped with a sulfonic acid derivative represented by 
the formula (4) 



HO^ 




D 



(4) 



COOH 



for salt fomiation, then the resulting salt is highly soluble in N,N-dimethylformamlde, which is an organic solvent. A 
solution of this salt in N,N-dimethylformamide is useful as a conductive vamish which stably contains as much solids 
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(salt) as 70 wt%. Being poor In conductivity, the thin film formed from the varnish by spin coating or dip coating is 
oxidized by bal<ing in the presence of oxygen so that the quinoimine structure is f omied fpgfnprpvement in conductivity, 
[0009] The present invention, which is based on the above-mentioned finding, provides an organic conductive ma- 
terial defined below, a conductive varnish containing It, a conductive thin film, and an organic EL element made with it. 

[1] An organic conductive material which comprises an oligoaniline derivative represented by the fomiula (1) in 
which quinoimine as an oxidant formed at the time of synthesis is reduced by a reducing agent and a salt is fomned 
with an electron accepting dopant. 



r 



(1) 



(where Ri to independently denote a hydrogen atom, unsubstituted or substituted monovalent hydrocarbon 
group, organoxy group, or acyi group; A and B independently denote a divalent group represented by the fomiula 
(2) or (3) below; 



(2) 



35 




where, R'^ to R11 independently denote a hydrogen atom, hydroxyl group, unsubstituted or substituted monovalent 
hydrocarbon group, organoxy group, acyl group, or sulfonic group; and m and n independently denote a positive 
number equal to or larger than 1 such that m+n < 20.) 

[2] An organic conductive material as defined in [1 ] above, wherein R^ and R2 in the fomiula (1 ) denote a hydrogen 
atom, C^.go alkyi group, or C.,.20 alkoxy group. 

[3] An organic conductive material as defined in [1] or [2] above, wherein R3 in the fomnula (1) denotes a hydrogen 
atom or aryl group. 

[4] An organic conductive material as defined in any of [1] to [3] above, wherein the dopant is a sulfonic acid 
derivative represented by the formula (4) 



? (4) 



EP1 477 993 A1 



(where D denotes a benzene ring, naphthalene ring, anthracene ring, phenanthrene ring, or heterocycle.) 

[5] A conductive varnish which comprises the organic conductive material defined in any of [1] to [4] defined above 

in an amount of 1 to 80 wt%. 

[6] A conductive thin film formed from the conductive varnish defined in [5] above. 
[7] An organic EL element having the conductive thin film defined in [6] above. 

BRIEF DESCRIPTION OF DRAWINGS 



Fig. 1 is a confocal laser microphotograph (x20) of the coating surface obtained in Example 2. 
Fig. 2 is a confocal laser microphotograph (X20) of the coating surface obtained in Comparative Example 2. 
Fig. 3 Is an optical microphotograph (X50) of the EL emitting surface obtained in Example 3. (What looks bright 
is the emitting surface.) 

Fig. 4 is an optical microphotograph (x50) of the EL emitting surface obtained in Comparative Example 4. (What 
lool<s bright is the emitting surface.) 

BEST IVIODE FOR CARRYING OUT THE INVENTION 

[0011] The organic conductive material according to the present invention is based on an oligoaniline derivative 
represented by the fomnula (1 ) below. 



(1) 



(where R'' to R^ independently denote a hydrogen atom, unsubstituted or substituted monovalent hydrocarbon group, 
organoxy group, or acyl group; A and B independently denote a divalent group represented by the fomriula (2) or (3) 
below; 



•7 V it 



(2) 



R^" 



(3) 



where R'^ to Rii independently denote a hydrogen atom, hydroxyl group, unsubstituted or substituted monovalent 
55 hydrocarbon group, organoxy group, acyl group, orsulfonic group; and m and n independently denote a positive number 
equal to or larger than 1 such that m+n < 20.) 

[0012] According to the present invention, the oligoaniline derivative represented by the formula (1) may be synthe- 
sized by any method without specific restrictions. A common method is by dehydration condensation reaction between 



5 
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an aromatic amine and a phenol or by reaction between an aromatic amine and an aromatic amine hydrociiioride in a 
molten state. 

[001 3] The oligoanilinederivative used in the present invention has substituents Ri to R3, which independently denote 
a hydrogen atom, unsubstituted or substituted monovalent hydrocarbon group, organoxy group, oracyl group. 
[0014] The monovalent hydrocarbon group and organoxy group should preferably be those which have a carbon 
number of 1 to 20. The acyl group should preferably be those which have a carbon number of 2 to 20. Examples of 
the monovalent hydrocarbon group include allcyl groups (such as methyl group, ethyl group, propyl group, butyl group, 
t-butyl group, hexyl group, octyl group, and decyl group), cycloalkyi groups (such as cyclopentyl group and cyclohexyl 
group), bicycloalkyi groups (such as bicyclohexyl group), all^enyl groups (such as vinyl group, 1-propenyl group, 2-pro- 
penyl group, isopropenyl group, 1 -methyl-2-propenyl group, 1 - or 2- or3-butenyl group, and hexenyl group), aryl groups 
(such as phenyl group, xylyl group, tolyl group, biphenyl group, and naphthyl group), and aralkyi groups (such as benzyl 
group, phenylethyl group, and phenylcyclohexyl group). These monovalent hydrocarbon groups may have their hydro- 
gen atoms partly or entirely replaced by halogen atoms, hydroxyl groups, or alkoxy groups. 

[0015] Examples of the organoxy group include alkoxy groups, alkenyloxy groups, and aryioxy groups. The alkyt 
groups, alkenyl groups, and aryl groups in them are the same as those listed above. 

[0016] The acyl group should preferably be the one which has a carbon number of 2 to 1 0. It Includes, for example, 
acetyl group, propionyl group, butylyl group, isobutylyl group, and benzoyl group. 

[0017] Preferred examples of and R2 include a hydrogen atom, alkyi group or alkoxy group having a carbon 
number of 1 to 20, preferably 1 to4, and phenyl group, cyclohexyi group, cyclopentyl group, biphenyl group, bicyclohexyl 
group, and phenylcyclohexyl group, which may have substituent, such as 0^.4 alkyI groups and alkoxy groups. Of these 
examples, alkyI groups, alkoxy groups, and C2.4 acyl groups are particularly preferable. Preferred examples of R3 
include a hydrogen atom and an aryl group (particularly a phenyl group). 

[0018] The substituents R'^ to R" are independently a hydrogen atom, hydroxyl group, unsubstituted or substituted 
monovalent hydrocarbon group, organoxy group, acyl group, or sulfonic group. Preferred examples of the unsubstituted 
or substituted monovalent hydrocarbon group and organoxy group include those which have a carbon number of 1 to 
20. Preferred examples of the acyl group include those which have a carbon number of 2 to 20. They are the same as 

those which are explained for R^ 

[001 9] Preferred examples of the substituents R^ to R^i include a hydrogen atom, alkyI group, alkoxy group, alkoxy- 
alkyl group, alkenyl group, acyl group, sulfonic group, and hydroxyl group. Additional examples include a phenyl group, 
cyclohexyl group, cyclopentyl group, biphenyl group, bicyclohexyl group, and phenylcyclohexyl group, each of which 
may have a 0^.4 alkyI group or alkoxy group as a substituent. 

[0020] IVIore preferred examples of R* to R^^ include a hydrogen atom, C■^.2Q alkyI group, C.j.20 alkoxy group, alkoxy- 
alkyi group composed of C1.20 alkoxy group and 0^.20 alkyi group, Cg^ alkenyl group, C2.4 acyl group, benzoyl group, 
sulfonic group, and hydroxyl group. Additional exarriples include a phenyl group, cyclohexyl group, cyclopentyl group, 
biphenyl group, bicyclohexyl group, and phenylcyclohexyl group, each of which may have a C.,.4 alkyI group or 0^.4 
alkoxy group as a substituent. Particularly preferred examples include a hydrogen atom, C,^ alkyi group, C,^ alkoxy 
group, alkoxyalkyi group composed of C^^ alkoxy group and C^^ alkyI group, vinyl group, 2-propenyl group, acetyl 
group, benzoyl group, sulfonic group, and hydroxyl group. Additional examples include a phenyl group, cyclohexyi 
group, biphenyl group, bicyclohexyl group, and phenylcyclohexyl group, each of which may have a C1.4 alkyI group or 
C.,.4 alkoxy group as a substituent. 

[0021] The subscripts m and n for the oligoaniline unit are independently a positive number of 1 or above. The sum 
of m+n should preferably be no larger than 20 for good solubility in solvents. It should be no larger than 1 0, particularly 
no larger than 5, if the varnish Is to have a concentration equal to or higher than 20 wt%. 

[0022] According to the present invention, the oligoaniline derivative prepared as mentioned above contains qul- 
noimine as an oxidant which is formed at the time of synthesis, and this quinoimlne is reduced by a reducing agent. 
[0023] In other words, the aniline oligomer which has been synthesized is washed with organic solvents (such as 
toluene and ether sequentially) and then dried to give silvery crystals. The crystals undergo reduction as follows for 
improvement in solubility The procedure for reduction is not specifically restricted. The crystals are dissolved in an 
organic solvent (such as dloxane which is compatible with the crystals), and the resulting solution is given a reducing 
agent, such as hydrazine. With the atmosphere in the reaction system replaced by an inert gas such as nitrogen, the 
crystals are dissolved with heating under refluxing. The resulting solution is given an organic solvent (such as toluene 
which is incompatible with the crystals) for precipitation. The precipitates are dissolved in an organic solvent (such as 
dloxane which is compatible with the crystals) with heating under refluxing, and the resulting solution is filtered. The 
filtrate is allowed to separate solids, and the separated solids are recrystallized. In this way, there is obtained the 
desired oligoaniline derivative (in the form of white crystals) to be used in the present invention. 
[0024] The reducing agent used for reduction mentioned above is hydrazine or the like. It should be used in an 
amount of 0.1-10 parts by weight, particularly 0.5-2 parts by weight, for 1 00 parts by weight of the oligoaniline derivative 
to be purified. Examples of the compatible organic solvents include dloxane, tetrahydrofuran, N,N-dimethyiformamlde, 
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N,N-dimethylacetamide, and N-methylpyrrolidone. Examples of the incompatible organic solvents include toluene, 
ether, xylene, benzene, chlorobenzene, dichlorobenzene, dichloromethane, dichloroethane, chloroform, hexane, and 
heptane. 

[0025] According to the present invention, the ollgoaniline derivative represented by the fomiuia (1 ) shown above is 
obtained by the procedure mentioned above. Subsequently, a salt Is fonned by reaction with an electron accepting 
dopant. The acid which fomis a dope (salt) with the dopant should preferably be a sulfonic acid derivative represented 
by the formula (4) 



(where D denotes a benzene ring, naphthalene ring, anthracene ring, phenanthrene ring, or heterocycle) 
which easily brings about intemiolecular mutual reactions. Examples of the dopant include sulfosalicylic acid deriva- 
tives. The dopant should be added in such an amount that the number of dopant molecules is no more than one, 
preferably 0.2 to 1, for one nitrogen atom in the oligoaniline derivative, depending on the molecular weight of the 
oligoaniline derivative. 

[0026] The oligoaniline derivative is dissolved in a solvent to give the varnish. The solvent used for this purpose is 
not specifically restricted so long as it dissolves the oligoaniline derivative. Examples of the solvent include water and 
organic solvents (such as N-methylpyrrolidone, N,N-dimethylacetamide, and N,N-dimethylformamide). These solvents 
may be used alone or In combination with one another 

[0027] The dopant may be added in any manner which is not specifically restricted. One procedure may consist of 

the following steps. The oligoaniline derivative is added to a solvent (such as DMF) under a stream of inert gas (such 

as nitrogen) for complete dissolution. The dopant is dissolved in a solvent (such as DMF). The amount of the dopant 

is determined according to the specific molar ratio of the dopant to the amount of nitrogen atoms contained in the 

oligoaniline derivative. The solution of the dopant is slowly added to the solution of the oligoaniline derivative. In this 

way there is readily obtained a solution of doped oligoaniline. Doping may be accelerated by heating. 

[0028] The above-mentioned solvent capable of unifomrily dissolving the oligoaniline derivative may be mixed with 

a solvent which hardly dissolves the oligoaniline derivative when used alone. Examples of such a solvent include ethyl 

cellosolve, butyl cellosolve, ethylcarbltol, butyl carbltol, ethylcarbltol acetate, and ethylene glycol. 

[0029] Incidentally, the concentration of the oligoaniline derivative in the solution may be adjusted within the range 

of 1-80 wt%, particularly 1-50 wt%. 

[0030] It Is possible to form a thin film of the oligoaniline derivative on a substrate by applying the solution of the 
oligoaniline derivative onto a substrate and heating the coated solution to evaporate the solvent. The heating temper- 
ature is usually 80-200°C, which is high enough for solvent evaporation. 

[0031 ] Coating to form the thin film of the oligoaniline derivative is accomplished by dip coating, spin coating, transfer 

printing, roll coating, or brushing. 

[0032] Incidentally, the thus obtained thin film should be thoroughly baked in the presence of oxygen so as to form 
the quinoimine structure which contributes to improved conductivity. 

[0033] The conductive thin film to be obtained by coating and ensuing evaporation Is not specifically restricted in 
thickness. However, a thickness ranging from 5 to 200 nm is desirable in the case where the thin film is used as the 
charge injection layer in an organic EL element. The film thickness may be varied by adjusting the concentration of 
solids in the varnish or by adjusting the amount of the vanish to be applied to the substrate. 
[0034] The following method and material may be used to form OLED elements with the conductive varnish of the 
present invention, although they are not limitative. 

[0035] The first step is to clean the electrode substrates with detergent, alcohol, pure water, etc. The cleaned anode 
substrate should preferably undergo surface treatment (such as ozone treatment and oxygen-plasma treatment) im- 
mediately before its use. However, this surface treatment may be omitted if the anode substrate is composed mainly 
of organic substances. 

[0036] The following method is suitable for production of an OLED element with the conductive varnish. 
[0037] First, the conductive varnish is applied to the anode substrate to form a conductive thin film thereon. Then, 
the coated anode substrate is placed in a vacuum vapor deposition apparatus, and vapor deposition is carried out to 
form thereon sequentially a hole transport layer, an emitting layer, an electron transport layer, an electron injection 
layer, and a cathode metal. A can-ier block layer may be fonned optionally between any adjacent layers to control the 




D 



(4) 



COOH 
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emitting region. Tlius there is obtained a. desired OLED element. 

[0038] The anode may be fomtied from a transparent electrode material, such as indium tin oxide (ITO) and indium 
zinc oxide (iZO), which should preferably be planaiized. It may also be fornied from a polythiophene derivative or 
polyanlline highly capable of charge transportation. 

[0039] The hole transporting layer may be fomied from any of the following compounds. 

• triaryiamine, such as (triphenylamine) dimer derivative (TPD), (a-naphthyldiphenylamine) dimer (a-NPD), and 
[(triphenylamine) dimer] spirodimer (Spiro-TAD). 

• "Starburstamine", such as 4,4',4"-tris[3-methylphenyl(phenyl)amino]triphenylamine (m-MTDATA) and 4,4',4"-tris 
[lnaphthyl(phenyl)amino]triphenylamine (1 -TNATA). 

• oligothiophene, such as 5,5"-bis{4-[bis(4-methylphenyl)-amino]phenyl}-2,2',5',2"-terthiophene (Biy^A-3T). 

[0040] The emitting layer may be formed from any of tris(8-quinolinolat6) aluminum (III) (Alqs), bis(8-qulnollnolate) 
zinc (II) (Znqa), bis(2-methyl-8-quinolinolate)(p-phenylphenolate) aluminum (III) (BAIq), and 4,4'-bls(2,2-dlphenylvinyl) 
biphenyl (DPVBi). The emitting layer may be formed by codeposition of the electron transporting material (or hole 
transporting material) and the emitting dopant. 

[0041] Examples of the electron transporting material include Alqg, BAIq, DPVBi, (2-(4-biphenyl)-5-(4-t-butylph6nyl)- 

1 ,3,4-oxadiazole) (PBD), triazole derivative (TAZ), bathocuproine (BCP), and silole derivative. 

[0042] Examples of the emitting dopant include quinacridone, rubrene, coumarin 540, 4-(dicyanomethylene)-2-me- 

thyl-6-(p-dimethylaminostyryl)-4H-pyran (DCM), tris(2-phenylpyridine) iridium (III) (lr(ppy)3), and (1,10-phenanthro- 

line)-tris(4,4,4-trifluoro-1-(2-thienyl)-butane-1 ,3-dionate) europium (III) (Eu(TTA)3phen). 

[0043] The carrier blocking layer may be fonned from any of PBD, TAZ, BCP, etc. 

[0044] The electron injection layer may be formed from any of lithium oxide (Li20), magnesium oxide (MgO), alumina 
(AlgOg), lithium fluoride (LiF), magnesium fluoride (MgFa), strontium fluoride (SrFg), Liq, Li(acac), lithium acetate, lithium 
benzoate, etc. 

[0045] The cathode may be fomned from any of aluminum, magnesium-silver alloy, aluminum-lithium alloy, lithium, 
sodium, potassium, cesium, etc. 

[0046] No specific restrictions are imposed on the method of preparing the PLED element with the charge transporting 
varnish of the present invention. Some examples of the method are shown below. 

[0047] The PLED element containing the conductive thin film, which is formed from the conductive varnish of the 
present invention, may be obtained by forming the polymeric layer for emission and charge transportation, in place of 
vacuum deposition to forni the hole transporting layer, emitting layer, electron transporting layer, and electron injection 
layer in production of the OLED element mentioned above. To be concrete, the conductive thin film Is formed on the 
anode substrate from the conductive varnish by the above-mentioned method. Then, the polymeric layer for emission 
and charge transportation is fomied on it. Finally, the cathode is fomied by vapor deposition. In this way thereis obtained 
the PLED element. 

[0048] The polymeric layer for emission and charge transportation is fomied in the following manner. The polymeric 
material for emission and charge transportation alone or together with the emission dopant Is unifomrily dissolved or 
dispersed in a solvent. The resulting solution is applied to the electrode substrate on which the conductive thin film 
has been formed. Finally, the thin film is obtained after solvent evaporation. 

[0049] Examples of the polymer for emission and charge transportation include polyfluorene derivative, such as poly 
(9,9-dialkylfluorene) (PDAF), polyphenylenevinylene derivative, such as poly(2-methoxy-5-(2'-ethylhexoxy)-1 ,4-phe- 
nylenevinylene) (MEI-I-PPV), polythiophene derivative, such as poly(3-alkylthiophene) (PAT), and polyvinylcarbazole 
(PVCz). 

[0050] Examples of the solvent include toluene, xylene, and chlorofomn. Dissolution or dispersion may be accom- 
plished by stirring, stirring with heating, or ultrasonic dispersion. 

[0051 ] The method for coating is not specifically restricted. Coating may be accomplished by dip coating, spin coating, 
transfer printing, roll coating, or brushing. Coating should preferably be accomplished under a stream of inert gas such 

as nitrogen and argon. 

[0052] Solvent evaporation may be accomplished by heating with an oven or hot plate under an inert gas stream or 
in a vacuum. 

EXAMPLES 

[0053] The invention will be described in more detail with reference to thefollowing examples, which are not intended 
to restrict the scope thereof. 
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Example 1 

[Preparation of phenyltetraaniline varnish] 
5 [0054] 




15 [0055] In 2 liters of toluene was dissolved 12.977 g of p-phenylenedlamine. In the resulting solution was dissolved 
245.05 g of tetra-n-butoxy titanium (which is a dehydration condensing agent) at 70°C over 30 minutes. To the solution 
was added 53.346 g of p-hydroxydiphenylamine, and the solution was heated at 1 00°C for 24 hours under a nitrogen 
atmosphere. After the reaction was complete, the reaction mixture was filtered and separated solids were washed 
sequentially with toluene and ether and finally dried. Thus there were obtained silvery crystals. The crystals, together 

20 with 0.2 mol of hydrazine monohydrate, were dissolved in as much dioxane as 25 times the weight of the crystals, by 
heating with refiuxing, with the atmosphere in the reaction system replaced by nitrogen. To the resulting solution was 
added as much toluene as 25 times the weight of the crystals, so that the solution was suspended in toluene. The 
resulting suspension was heated with refiuxing. As much dioxane as 10 times the weight of the crystals was added, 
and the crystals were dissolved by heating with refiuxing. The resulting solution was filtered while it was still hot. The 

25 solids which had separated out from the filtrate were recrystallized, and the resulting crystals were washed sequentially 
with toluene-dioxane (1 ;1 ) and ether under a nitrogen atmosphere. The crystals were filtered off and dried at 60°C for 
10 hours under reduced pressure. The procedure for recrystallization was repeated again. Thus, there was obtained 
39.60 g of white crystals, (yield: 75%) 

[0056] The thus obtained white crystals were doped with 5-sulfosalicylic acid (as a dopant) under the condition shown 
30 in Table 1 . The resulting product was dissolved in DMF to give the desired varnish. 



Table 1 



(Conditions for preparation of varnish) 


Run No. 


Phenyltetraaniline 

(g) 


Dopant 

(g) 


Solvent DMF 

(g) 


Concentration 
(wt%) 


1 


1.00 


0.574 


29.91 


5 


2 


1.00 


1.148 


40.81 


5 


3 


1.00 


1.723 


51.74 


5 


4 


1.00 


2.297 


62.64 


5 


5 


7.50 


17.23 


89.16 


20 


6 


15.0 


34.47 


66.87 


40 


7 


15.0 


34.47 


21,20 


70 



[0057] The samples of conductive varnish shown in Table 1 remained stable during storage at 0°C for 3 months 
under an atmosphere of nitrogen. The storage stability was proved by the fact that no aggregates were found after 
50 filtration. 

[0058] The conductive varnish (8 g) designated as Run No. 4 in Table 1 was tested for time required to pass through 
a PTFE membrane filter, 25 mm in diameter, having a pore diameter of 0.2 jim. The results are shown in Table 2. 

Comparative Example 1 

55 

[0059] A sample of conductive vanish (5 wt% concentration) was prepared under the same conditions as the con- 
ductive varnish designated as Run No. 4 in Table 1 , except that the phenyltetraaniline was not reduced. This sample 
was tested for time required to pass through a PTFE membrane filter in the same way as in Example 1 . The results 



are shown in Table 2. 
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Table 2 



(Time required for passage through a filter) 




Time for passage 


Example 1 


15 seconds 


Comparative Example 1 


62 seconds 



10 

[0060] It is apparent from Table 2 that the 5 wt% varnish without reduction in Comparative Example 1 contains 

undissolved particles. 

Example 2 

15 

[0061] The conductive varnish designated as Run No. 4 in Table 1 was applied by spin coating to an ITO glass 
substrate which had undergone ozone cleaning for 40 minutes. The coated substrate was bal<ed at 1 80°C for 2 hours 
on a hot plate. Thus there was obtained a conductive thin film, 40 nm thick. The conductive thin film was observed 
under a confocal laser microscope, whose microphotograph is shown in Fig. 1. 

20 

Comparative Example 2 

[00621 A conductive thin film (40 nm thick) was obtained by the procedure mentioned in Example 2 from the varnish 
prepared by the procedure mentioned in Comparative Example 1 . The conductive thin film was observed under a 
25 confocal laser microscope, whose microphotograph is shown in Fig. 2. Comparison between Fig. 1 and Fig. 2 indicates 
that the coating film is uneven due to undissolved particles. 

Example 3 

30 [0063] The conductive varnish designated as Run No. 4 in Table 1 was applied by spin coating to an ITO glass 
substrate which had undergone ozone cleaning for 40 minutes. The coated substrate was baked at 1 80°C for 2 hours 
on a hot plate so as to fomri a hole injection layer (20 nm thick). The substrate was placed in a vacuum deposition 
apparatus, and vapor deposition was performed to form four layers sequentially as follows. 

35 • (a-naphthyldiphenylamine)dimer(a-NPD), 40 nm thick. 
» tris(8-quinolinolate aluminum (III)) (Alqg). 60 nm thick. 

• LiF, 0.5 nm thick. 

• Al, 100 nm thick. 

40 Vapor deposition for each layer was carried out at a pressure no higher than SxlQ-''- Pa. The rate of deposition was 
0.3-0.4 nm/s (except for the LiF layer). The rate of deposition for the LiF layer was 0.02-0.04 nm/s. The substrate was 
transferred in a vacuum from one step to another. The thus obtained organic electroluminescence element has the 
characteristic properties as shown in Table 3. The photograph of the emitting surface is shown in Fig. 3. 

45 Comparative Example 3 

[0064] An organic EL element was prepared under the same conditions as in Example 3 from the conducive varnish 
mentioned in Comparative Example 1 . The resulting organic EL element has the characteristic properties as shown in 
Table 3. The photograph of the emitting surface is shown in Fig. 4. It is apparent from Table 3 that the organic EL 
so element according to the present invention has good characteristic properties. Comparison between Fig. 3 and Fig. 4 
indicates that the organic EL element according to the present invention has a unifomri emitting surface (Fig. 3). 



55 



10 
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Table 3 



(Characteristic properties of organic EL elements) 




Voltage 
(V) 


Current density 
(mA/cm2) 


Luminance 
(cd/m2) 


Current efficiency 
(cd/A) 


Example 3 


8.0 


0.090 


28.6 


3.92 


Example 3 


10.0 


0.729 


199.1 


4.20 


Comparative Example 3 


8.0 


2.32 


1.0 


1.11 


Comparative Example 3 


10.0 


4.74 


95.3 


4.11 



Example 4 

[Preparation of plienylpentaaniline varnish] 

[0065] 4,4'-diaminodiphenylamlne (DADPA) was obtained from 4,4'-diaminodiptienylamine sulfate by recrystalliza- 
tion (for desalting) In an excess aqueous solution of sodium hydroxide. The thus obtained DADPA was reacted and 
purified in the same way as in Example 1 to give phenylpentaaniline. The phenylpentaaniline was dissolved in DMF 
and then doped with sulfosalicylic acid. Table 4 shows the amount of doping and the conditions for preparation of 
varnish. 



Table 4 



(Conditions for preparation of varnish) 


Run No. 


Phenylpentaaniline 

(g) 


Dopant 

(g) 


Solvent DMF 

(g) 


Concentration 
(wt%) 


1 


1.00 


0.476 


28.04 


5 


2 


1.00 


1.953 


37.11 


5 


3 


1.00 


2.429 


46.15 


5 


4 


1.00 


2.905 


55.20 


5 


5 


1.00 


3.381 


64.24 


5 


6 


1.00 


3.381 


17.52 


20 


7 


1.00 


3.381 


6.57 


40 



[0066] The samples of conductive varnish shown in Table 4 remained stable during storage at 0°C for 3 months 
under an atmosphere of nitrogen. The storage stability was proved by the fact that no aggregates were found in the 
filtration test carried out in the same way as in Example 1 . 

[0067] As shown in Examples mentioned above, the oligoaniline derivative according to the present invention is easy 
to synthesize, and it can be used as one of the raw materials to give a coating film having good heat resistance, high 
strength, good film properties, good antistatic properties, and weak tendency toward charge accumulation. The oli- 
goaniline derivative in reduced fonn is readily soluble, and hence it is useful to give a conductive varnish heavily 
containing the organic conductive material of the present invention In which the oligoaniline derivative is used as a 
dopant. The conductive varnish can be used to form the charge injection auxiliary layer of the organic EL element, the 
organic electrode on a dielectric material of a capacitor, and the capacitor electrode, which broadly vary in thickness. 



Claims 

1 . An organic conductive material which comprises an oligoaniline derivative represented by the fonnula (1 ) in which 
quinoimine as an oxidant formed at the time of synthesis is reduced by a reducing agent and a salt is fornied with 
an electron accepting dopant. 
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(1) 



(where Ri to R3 independently denote a hydrogen atom, unsubstituted or substituted monovalent hydrocarbon 
group, organoxy group, or acyl group; A and B independently denote a divalent group represented by the formula 
(2) or (3) below; 



R'* R^ 




where, R^to R'<1 Independently denote a hydrogen atom, hydroxyl group, unsubstituted or substituted monovalent 
hydrocarbon group, organoxy group, acyl group, or sulfonic group; and m and n Independently denote a positive 
number equal to or larger than 1 such that m+n < 20.) 

The organic conductive material as defined In Claim 1 , wherein R'' and R^ in the fonnula (1) denote a hydrogen 
atom, 0^.20 all<yi group, or 0^.20 alkoxy group. 

The organic conductive material as defined in Claim 1 or2, wherein R3 in the fonnula (1) denotes a hydrogen atom 
or aryl group. 

The organic conductive material as defined in any of Claims 1 to 3, wherein the dopant is a sulfonic acid derivative 
represented by the fonnula (4) 



HQ^ ^SOaH 

D (4) 
COOH 

(where D denotes a benzene ring, naphthalene ring, anthracene ring, phenanthrene ring, or heterocycle.) 

A conductive varnish which comprises the organic conductive material defined in any of Claims 1 to 4 in an amount 
of 1 to 80 wt%. 

A conductive thin film formed from the conductive varnish defined in Claim 5. 



12 
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An organic electroluminescence element having the conductive thin film defined In Claim 6. 



<5 

20 
25 
30 
35 
40 
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